Streptococcus thermophilus ATCC 19258, Lactobacillus delbrueckii subsp. bulgaricus T-11, and Lactococcus lactis subsp. lactis IL1403 were transformed with the ␣-amylase gene (amyA) from Streptococcus bovis 148 by using a wide host-range vector, and all the transformants secreted the ␣-amylase successfully. Since the promoter and the secretion signal of the amyA gene were functional in these strains, we constructed a secretion vector using the expression elements of amyA. Trials to secrete foreign enzymes in yogurt starter strains were performed using this novel secretion vector.
modifications (13a) . Transformation of L. delbrueckii subsp. bulgaricus T-11 was performed by the method of Sasaki et al. (13) .
The transformants of S. thermophilus ATCC 19258 and L. lactis IL1403 were grown on M17 (22) containing 0.5% lactose (LM17) at 42°C and M17 containing 0.5% glucose (GM17) at 32°C, respectively. The transformants of L. delbrueckii subsp. bulgaricus T-11 were cultured on MRS (Difco) at 42°C. These media were supplemented with 25 g of erythromycin (Sigma) per ml. ␣-Amylase-positive haloes were detected around the colonies of all transformants on agar plates supplemented with 0.5% soluble starch by exposure to iodine vapor. The transformants of these three strains were grown on liquid media, and the ␣-amylase activity in the culture supernatant was measured at intervals as previously described (15) . Extracellular activity was observed for all transformants (Fig.  2) . In contrast, none of three host strains before transformation showed haloes around the colonies nor showed amylase activity in the culture supernatant or the cell extract. Cellbound activity was measured as well after sonication of the washed cells of each transformant at 6 h after inoculation. It was shown from the data on the extracellular and cell-bound activities that more than 90% of the ␣-amylase activity was detected in the supernatant at 6 h. Extracellular ␣-amylase activity increased in S. thermophilus ATCC 19258(pSAES5) during the exponential phase, although the decrease in optical density (OD) suggested cell lysis after the stationary phase. L. delbrueckii subsp. bulgaricus T-11(pSAES5) produced ␣-amylase extracellularly; however, the activity decreased after the late exponential phase. The loss of ␣-amylase activity was not observed in the other two transformants. We assume that the low pH value of the medium was the main reason for activity loss, since it was 4.5 or lower after 6 h in the case of L. delbrueckii subsp. bulgaricus T-11(pSAES5). On the other hand, pH values of the medium were above 4.5 in the case of the other two transformants. The activity of S. bovis 148 ␣-amylase is lost under acidic conditions below pH 4.5, and a similar decreasing pattern of ␣-amylase activity in the medium was also reported in the original strain of the amyA gene, S. bovis 148 (15) . In the case of L. lactis IL1403(pSAES5), ␣-amylase activity was detected in the supernatant without a decrease in activity or decrease in OD.
The culture supernatant of these transformants was run on sodium dodecyl sulfate-polyacrylamide gels, and an ␣-amylase active band was detected by a renaturation and staining procedure (8) . The mobilities of the ␣-amylase bands of the transformants were identical to that of S. bovis 148 ␣-amylase (data not shown). From these results, it was suggested that S. bovis 148 ␣-amylase is secreted into the culture medium in these heterologous lactic acid bacteria. However, when only a 2,413-bp DNA fragment (Fig. 1A , fragment b) containing the amyA gene was transferred into S. thermophilus ATCC 19258 by using pSYE2, the transformant developed a small halo compared with that of S. thermophilus ATCC 19258 harboring pSAES5, which has an additional 500-bp fragment. Therefore, for a reason which remains unclear, this 500-bp region upstream from the amyA promoter appears to be essential for efficient ␣-amylase production.
In order to construct a more generic secretion vector, we used a 729-bp DNA fragment (Fig. 1A , fragment c) which contained the 500-bp upstream region, the promoter, and the secretion signal sequence from the amyA gene. The S. bovis 148 ␣-amylase precursor contains a signal peptide which has been cleaved by signal peptidase between the terminal Ala of the signal peptide and the initial Asp of the mature enzyme (14) . In order to link a foreign protein just after the Asp residue, a unique EcoRV site (GATATC) was added at the terminus of the secretion signal sequence, since the GAT sequence is identical to the codon for Asp. To achieve this, the 729-bp DNA fragment was amplified by PCR and was inserted at the SmaI site of pSYE2 to construct pSECE1 (Fig. 1B) . As a result, a foreign gene can be inserted at the EcoRV site in frame and the presumed signal peptide is expected to be added to the foreign protein and cleaved after secretion exactly between the Ala and the Asp residues. We then examined the function of this novel secretion vector. A DNA fragment of amyA encoding only the mature protein of S. bovis 148 ␣-amylase (Fig. 1A) , omitting the promoter and the secretion signal sequence, was inserted at the EcoRV site of pSECE1. The resulting plasmid was transferred into S. thermophilus ATCC 19258, and the transformant secreted ␣-amylase successfully, which suggested the potential of pSECE1 as a secretion vector.
To determine if secretion of other foreign proteins is possible with pSECE1, three foreign genes were used: the extracellular nuclease gene (nuc) from Staphylococcus aureus (18) , the extracellular ␣-amylase gene (amyEn ϩ ) from B. subtilis (24) , and the periplasmic ␤-lactamase gene (bla) from E. coli (11) . The DNA fragments of nuc, amyEn ϩ , and bla amplified by PCR and encoding only the mature enzymes were inserted at the EcoRV site of pSECE1, and the resulting plasmids were designated pSECE1::nuc, pSECE1::amyEn ϩ , and pSECE1:: bla, respectively. Although no active haloes were detected on the agar plates when untransformed S. thermophilus ATCC 19258, L. delbrueckii subsp. bulgaricus T-11, and L. lactis IL1403 were grown, the transformants of the three host strains harboring these plasmids developed haloes corresponding to each enzyme activity on agar plates (Table 1) . These results suggested that three foreign proteins were produced extracellularly by using a novel secretion vector, pSECE1, in these hosts. To determine the role of the secretion signal, a derivative of pSECE1 lacking only the secretion signal sequence of the amyA gene was constructed (Fig. 1A, fragment d) . With this vector, pSBEA1, the nuc gene without its original secretion signal sequence was introduced into S. thermophilus ATCC 19258. The transformant did not develop a halo, and enzyme activity was not detected in the culture supernatant but was detected in the cell extract (data not shown). This suggested that the secretion signal sequence of the amyA gene was essential for secretion of the foreign proteins into the medium.
Furthermore, a time course experiment was performed using liquid media. The activities of nuclease and ␤-lactamase were measured by the method of Cuatrecasas et al. (2) and O'Callaghan et al. (10) , respectively. Each of the three extracellular enzyme activities was detected in the supernatant from the transformants of S. thermophilus ATCC 19258. Although a decrease in OD after the stationary phase was observed in S. thermophilus ATCC 19258(pSECE1::nuc) and ATCC 19258 (pSECE1::amyEn ϩ ), these enzymes were supposed to be secreted extracellularly at least until the late exponential phase since neither a decrease in OD nor ␤-galactosidase activity was FIG. 1. (A) Schematic representation of PCR-generated fragments. P represents the promoter and SS represents the secretion signal sequence of the amyA gene. (a) A 2,899-bp fragment containing the upstream region, P, SS, and the amyA gene was amplified by PCR using primers 5Ј-ATCTGAATTCATCG GTACAA-3Ј and 5Ј-GTACAAAAAGAAGTAGCC-3Ј; (b) a 2,413-bp fragment containing P, SS, and the amyA gene without the upstream region was amplified with primers 5Ј-CCGAATTCTAGTATGTGATTGATTGGGC-3Ј and 5Ј-GTA CAAAAAGAAGTAGCC-3Ј; (c) a 732-bp fragment containing the upstream region, P, and SS was amplified with primers 5Ј-ATCTGAATTCATCGGTAC AA-3Ј and 5Ј-GGAAGCTTGATATCTGCATTAACGACTTTAA-3Ј; (d) a 607-bp fragment containing the upstream region and P without SS was amplified with primers 5Ј-ATCTGAATTCATCGGTACAA-3Ј and 5Ј-GGGATATCCATGGA TAATCTCCTAAAAAGAT-3Ј. Each amplified fragment was inserted at the SmaI site of pSYE2. (The recognition sequence for EcoRV is underlined in the primers shown above.) (B) Restriction map of pSECE1. Fragment c was inserted in pSYE2. The ermA and rep genes encode erythromycin resistance and replication protein, respectively. The transcriptional direction of the amyA promoter (P) is opposite that of the ermA gene. A unique EcoRV site was introduced at the end of the secretion signal sequence. The boxed restriction endonucleases show the multiple cloning sites originally from the pUC plasmid (6) . observed in the culture supernatant obtained before the stationary phase (data not shown). In contrast, no decrease in OD was observed in the case of S. thermophilus ATCC 19258 (pSECE1::bla). Judging from these preliminary results, secretion of other foreign proteins should be possible with pSECE1. However, enzyme activity in the supernatant has not yet been measured in the transformants of L. delbrueckii subsp. bulgaricus T-11 because transformants did not grow well on liquid MRS. In our experience, some transformants of L. delbrueckii subsp. bulgaricus T-11 harboring a recombinant plasmid occasionally did not grow well in liquid MRS for unknown reasons. We presume without data that L. delbrueckii subsp. bulgaricus T-11 harboring pSECE1::nuc, pSECE1::bla, or pSECE1:: amyEn ϩ suffered from an unknown stress on the host, but this stress might not be so severe in the case of pSAES5. Additional investigations are necessary to clarify this possibility. The transformants of L. lactis IL1403, however, grew well in liquid GM17 and secreted all three enzymes extracellularly without an apparent decrease in OD.
In summary, we showed the first example of the secretion of a foreign protein, the ␣-amylase from S. bovis 148, in L. delbrueckii subsp. bulgaricus and constructed a potential secretion vector, pSECE1, for yogurt starter strains L. delbrueckii subsp. bulgaricus and S. thermophilus. Further research is needed to determine the ability of pSECE1 to secrete foreign proteins in yogurt starter strains. Since pSYE2 has a wide host range, we expect pSECE1 to be useful for secretion of foreign proteins in other strains of lactic acid bacteria as well. a ϩϩ, the diameter of halo was more than 5 mm; ϩ, a halo was detected, but the diameter was less than 5 mm. Detection of each specific activity on the agar medium for the nuclease (7), the ␣-amylase (16) , and the ␤-lactamase (11) was carried out by previously described methods. Cells were grown in the presence of erythromycin (25 g/ml) on LM17 (S. thermophilus), MRS (L. delbrueckii subsp. bulgaricus), and GM17 (L. lactis).
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